Interfacing the DP8344 
to Twinax 



OVERVIEW 

The DP8344, or Biphase Communications Processor 

from National Semiconductor's Advanced Peripherals group 
brings a new level of system integration and simplicity to the 
IBM® connectivity world. Combining a 20 MHz RISC archi- 
tecture CPU with a flexible multi-protocol transceiver and 
remote interface, the BCP is well suited for IBM 3270, 3299 
and 5250 protocol interfaces. This Application Note will 
show how to interface the BCP to twinax, as well as provide 
some basics about the IBM 5250 environment. 

5250 ENVIRONMENT 

The IBM 5250 environment encompasses a family of devic- 
es that attach to the IBM System/34, 36 and 38 mid-size 
computer systems. System unit model numbers include the 
5360, 5362, 5364, 5381 , and 5382, and remote controller 
models 5294 and 5251 model 12. The system units have 
integral work station controllers and some may support up 
to 256 native mode twinax devices locally. Native mode 
twinax devices are ones that connect to one of these host 
computers or their remote control units via a multi-drop, high 
speed serial link utilizing the 5250 data stream. This serial 
link is primarily implemented with twinaxial cable but may be 
also found using telephone grade twisted pair. Native mode 
5250 devices include mono-chrome, color and graphics ter- 
minals, as well as a wide range of printers and personal 
computer emulation devices. 

TWINAX AS A TRANSMISSION MEDIA 

The 5250 environment utilizes twinax in a multi-drop config- 
uration, where eight devices can be "daisy-chained" over a 
total distance of 5000 ft. and eleven splices, (each physical 
device is considered a splice) see Figure 1 . Twinax can be 
routed in plenums or conduits, and can be hung from poles 
between buildings (lightning arresters are recommended for 
this). Twinax connectors are bulky and expensive, but are 
very sturdy. Different sorts may be purchased from IBM or a 
variety of third party vendors, including Amphenol. Twinax 
should not be spliced; to connect cables together both ca- 
bles should be equipped with male connectors and a quick- 
disconnect adapter should be used to join them (Amphenol 
#82-5588). 
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Twinaxial cable is a shielded twisted pair that is nearly Ys of 
an inch thick. This hefty cable can be either vinyl or teflon 
jacketed and has two internal conductors encased in a stiff 
polethylene core. The cable is available from BELDEN (type 
#9307) and other vendors, and is significantly more expen- 
sive than coax. 

The cable shield must be continuous throughout the trans- 
mission system, and be grounded at the system unit and 
each station. Since twinax connectors have exposed metal 
connected to their shield grounds, care must be taken not to 
expose them to noise sources. The polarity of the two inner 
conductors must also be maintained throughout the trans- 
mission system. 

The transmission system is implemented in a balanced cur- 
rent mode; every receiver/transmitter pair is directly cou- 
pled to the twinax at all times. Data is impressed on the 
transmission line by unbalancing the line voltage with the 
driver current. The system requires passive termination at 
both ends of the transmission line. The termination resist- 
ance value is given by: 

Rt = Z0/2; where 

Rt: Termination Resistance 

Zq. Characteristic Impedance 
In practice, termination is accomplished by connecting both 
conductors to the shield via 54.9f!, 1 % resistors; hence the 
characteristic impedance of the twinax cable of 107f! ±5% 
at 1.0 MHz. Intermediate stations must not terminate the 
line; each is configured for "pass-through" instead of "ter- 
minate" mode. Stations do not have to be powered on to 
pass twinax signals on to other stations; all of the receiver/ 
transmitter pairs are DC coupled. Consequently, devices 
must never output any signals on the twinax line during pow- 
er-up or down that could be construed as data, or interfere 
with valid data transmission between other devices. 

WAVEFORMS 

The bit rate utilized in the 5250 protocol is 1 MHz ±2% for 
most terminals, printers and controllers. The IBM 3196 dis- 
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FIGURE 1. Multi-Drop Transmission Lines 

The eight stations shown inciude the host device as a station. The first and iast stations are terminated whiie intermediate stations are not. 
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play station has a bit rate of 1 .0368 MHz ± 0.01 %. The data 
are encoded in biphase, NRZI (non-return to zero inverted) 
manner; a "1" bit is represented by a positive to negative 
transition, a "0" is a negative to positive transition in the 
center of a bit cell. This is opposite from the somewhat 
more familiar 3270 coax method. The biphase NRZI data is 
encoded in a pseudo-differential manner; i.e. the signal on 
the "A" conductor is subtracted from the signal on "B" to 
form the waveform shown in Figure 2. Signals A and B are 
not differentially driven; one phase lags the other in time by 
1 80°. Figures 3 and 4 show actual signals taken at the driver 
and receiver after 5000 ft. of twinax, respectively. 



The signal on either the A or B phase is a negative going 
pulse with an amplitude of -0.32V ±20% and duration of 
500 ±20 ns. During the first 250 ±20 ns, a predistortion or 
pre-emphasis pulse is added to the waveform yielding an 
amplitude of -1.6V ±20%. When a signal on the A phase 
is considered together with its B phase counterpart, the re- 
sultant waveform represents a bit cell or bit time, comprised 
of two half-bit times. A bit cell is 1 (j,s ±20 ns in duration 
and must have a mid bit transition. The mid bit transition is 
the synchronizing element of the waveform and is key to 
maintaining transmission integrity throughout the system. 
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FIGURE 2. Twinax Waveforms 

The signal on phase A is shown at the initiation of the line quiesce/line violation sequence. 
Phase B is shown for that sequence, delayed in time by 500 ns. 
The NRZI data recovered from the transmission. 
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FIGURE 3. Signal at the Driver 



The signal shown was taken with channel 1 of an oscilloscope connected to 
phase B, channel 2 connected to A, and then channel 2 inverted and added 
to channel 1. 
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FIGURE 4. Signal at the Receiver 

The signal shown was viewed in the same manner as Figure 3. The severe 
attenuation is due to the filtering effects of 5000 ft. of twinax cable. 



As previously mentioned, the maximum length of a twinax 
line Is 5000 ft. and the maximum number of splices In the 
line Is eleven. Devices count as splices, so that with eight 
devices on line, there can be four other splices. The signal 
5000 ft. and eleven splices from the controller has a mini- 
mum amplitude of 100 mV and a slower edge rate. The bit 
cell transitions have a period of 1 ]as +30 ns. 

5250 BIT STREAM 

The 5250 Bit stream used between the host control units 
and stations on the twinax line consists of three separate 
parts; a bit synchronization pattern, a frame synchronization 
pattern, and one or more command or data frames. The bit 
sync pattern Is typically five one bit cells. This pattern 
serves to charge the distributed capacitance of the trans- 
mission line In preparation for data transmission and to syn- 
chronize receivers on the line to the bit stream. Following 
the bit sync or line quiesce pattern Is the frame sync or line 
violation. This Is a violation of the biphase, NRZI data mid 
bit transition rule. A positive going half bit, 1 .5 times normal 
duration, followed by a negative going signal, again 1.5 
times normal width, allows the receiving circuitry to estab- 
lish frame sync. 

Frames are 16 bits in length and begin with a sync or start 
bit that is always a 1. The next 8 bits comprise the com- 
mand or data frame, followed by the station address field of 
three bits, a parity bit establishing even parity over the start, 
data and address fields, and ending with a minimum of three 
fill bits (fill bits are always zero). A message consists of a bit 
sync, frame sync, and some number of frames up to 256 In 
total. A variable amount of Inter-frame fill bits may be used 
to control the pacing of the data flow. The SET MODE com- 
mand from the host controller sets the number of bytes of 
zero fill sent by attached devices between data frames. The 
zero fill count Is usually set to zero. The number of zero fill 
bits Injected between frames by the BCP is set by the Fill Bit 
select register ( FBR j . This register contains the one's com- 
plement of the number of BITS sent, not bytes. 
Message routing Is accomplished through use of the three- 
bit address field and some basic protocol rules. As men- 
tioned above, there Is a maximum of eight devices on a 
given twinax line. One device Is designated the controller or 



host and the remaining seven are slave devices. All commu- 
nication on the twinax line is host initiated and half duplex. 
Each of the seven devices Is assigned a unique station ad- 
dress from zero to six. Address seven Is used for an End Of 
Message delimiter, or EOM. The first or only frame of a 
message from controller to device must contain the address 
of the device. Succeeding frames do not have to contain the 
same address for the original device to remain selected, 
although they usually do. 

The last frame In a sequence must contain the EOM delimi- 
ter. For responses from the device to the controller, the 
responding device places Its own address In the address 
field In frames 1 to (n - 1),where n < 256, and places the 
EOM delimiter in the address field of frame n. However, If 
the response to the controller Is only one frame, the EOM 
delimiter Is used. The controller assumes that the respond- 
ing devices was the one addressed in the initiating com- 
mand. 

Responses to the host must begin In 60 ±20 fis, although 
some specifications state a 45 ± 1 5 (j,s response time. In 
practice, controllers do not change their time out values per 
device type so that anywhere from 30 jus to 80 jas response 
times are appropriate. 

DRIVER CIRCUITS FOR THE DP8344 

The transmitter Interface on the DP8344 is sufficiently gen- 
eral to allow use In 3270, 5250, and 8-bit transmission sys- 
tems. Because of this generality, some external hardware Is 
needed to adapt the outputs to form the signals necessary 
to drive the twinax line. The chip provides three signals: 
DATA-OUT, DATA-DLY, and TX-ACT. DATA-OUT is bi- 
phase serial data (Inverted). DATA-DLY is the biphase serial 
data output (non-inverted) delayed one-quarter bit-time. TX- 
ACT, or transmitter active, signals that serial data is being 
transmitted when asserted. DATA-OUT and DATA-DLY can 
be used to form the A and B phase signals with their three 
levels by the circuit shown In Figure 5. TX-ACT Is used as an 
external transmitter enable. The BCP can Invert the sense 
of the DATA-OUT and DATA-DLY signals by asserting TIN 
(TMR[3]|. This feature allows both 3270 and 5250 type 
biphase data to be generated, and/or utilization of Inverting 
or non-inverting transmitter stages. 
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FIGURE 5. Schematic 



The current mode drive method used by native twinax devic- 
es has both distinct advantages and disadvantages. Current 
mode drivers require less power to drive properly terminat- 
ed, low-impedance lines than voltage mode drivers. Large 
output current surges associated with voltage mode drivers 
during pulse transition are also avoided. Unwanted current 
surges can contribute to both crosstall< and radiated emis- 
sion problems. When data rate is increased, the surge time 
(representing the energy required to charge the distributed 
capacitance of the transmission line) represents a larger 
percentage of the driver's duty cycle and results in in- 
creased total power dissipation and performance degrada- 
tion. 

A disadvantage of current mode drive is that DC coupling Is 
required. This implies that system grounds are tied together 
from station to station. Ground potential differences result in 
ground currents that can be significant. AC coupling re- 
moves the DC component and allows stations to float with 
respect to the host ground potential. AC coupling can also 
be more expensive to implement. 

Drivers for the 5250 environment may not place any signals 
on the transmission system when not activated. The power- 
on and off conditions of drivers must be prevented from 
causing noise on the system since other devices may be In 
operation. Figure 5 shows a "DC power good" signal en- 
abling the driver circuit. This signal will lock out conduction 
In the drivers if the supply voltage Is out of tolerance. 

Twinax signals can be viewed as consisting of two distinct 
phases, phase A and phase B, each with three levels, off, 
high and low. The off level corresponds with mA current 
being driven, the high level Is nominally 62.5 mA, 
+ 20%-30%, and the low level is nominally 12.5 mA, 
+ 20%-30%. When these currents are applied to a proper- 
ly terminated transmission line the resultant voltages Im- 
pressed at the driver are: off level Is OV, low level is 0.32V 
±20%, high level is 1.6V ±20%. The Interface must pro- 
vide for switching of the A and B phases and the three 
levels. A bi-modal constant current source for each phase 
can be built that has a TTL level Interface for the BCP. 
An Integrated solution can be constructed with a few current 
mode driver parts available from National and Texas Instru- 
ments. The 751 10A and 751 12 can be combined to provide 
both the A and B phases and the bi-modal current drive 
required as In Figure 5. The external logic used adapts the 
coax oriented BCP outputs to the twinax Interface circuit, 
and prevents spurious transmissions during power-up or 
down. The serial NRZ data Is inverted prior to being output 
by the BCP by setting TIN, |TMR[3]!. 

RECEIVER CIRCUITS 

The pseudo-differential mode of the twinax signals make 
receiver design requirements somewhat different than the 
coax 3270 world. Hence, the analog receiver on the BCP Is 
not well suited to receiving twinax data. The BCP provides 
both analog inputs to an on-board comparator circuit as well 
as a TTL level serial data Input, TTL-IN. The sense of this 
serial data can be Inverted by the BCP by asserting RIN, 
(TMR[4]|. 

The external receiver circuit must be designed with care to 
ensure reliable decoding of the bit-stream In the worst envi- 
ronments. Signals as small as 100 mV must be detected. In 
order to receive the worst case signals, the input level 
switching threshold or hysteresis for the receiver should be 



nominally 29 mV ±20%. This value allows the steady state, 
worst case signal level of 100 mV 66% of Its amplitude 
before transitioning. 

To achieve this, a differential comparator with complemen- 
tary outputs can be applied, such as the National LM361. 
The complementary outputs are useful in setting the hyster- 
esis or switching threshold to the appropriate levels. The 
LM361 also provides excellent common mode noise rejec- 
tion and a low Input offset voltage. Low Input leakage cur- 
rent allows the design of an extremely sensitive receiver, 
without loading the transmission line excessively. 

In addition to good analog design techniques, a low pass 
filter with a roll-off of approximately 1 MHz should be ap- 
plied to both the A and B phases. This filter essentially con- 
ducts high frequency noise to the opposite phase, effective- 
ly making the noise common mode and easily rejectable. 
Layout considerations for the LM361 include proper bypass- 
ing of the ± 12V supplies at the chip Itself, with as short as 
possible traces from the pins to 0.1 jiF ceramic capacitors. 
Using surface mount chip capacitors reduces lead Induc- 
tance and is therefore preferable In this case. Keeping the 
input traces as short and even In length is also important. 
The intent Is to minimize inductance effects as well as stan- 
dardize those effects on both inputs. The LM361 should 
have as much ground plane under and around It as possi- 
ble. Trace widths for the Input signals especially should be 
as wide as possible; 0.1 inch is usually sufficient Finally, 
keep all associated discrete components nearby with short 
routing and good ground/supply connections. 
Design equations for the LM361 in a 5250 application are 
shown here for example. The hysteresis voltage, V^,, can be 
expressed the following way: 

Vh = Vrio + ((Rin/(Rin + Rf) X Vol) 
- (Rin/(Rin + Rf) X Vol)) 
where 

Vf, — Hysteresis Voltages, Volts 

Rln — Series Input Resistance, Ohms 

Rf — Feedback Resistance, Ohms 

C|n — Input Capacitance, Farads 

Vrio — Receiver Input Offset Voltage, Volts 

Voh— Output Voltage High, Volts 

Vol — Output Voltage Low, Volts 
The Input filter values can be found through this relation- 
ship: 

Vein = Vim - Vin2/1 + iwCj^ (Ripi + Ri^g) 
where Rim = R|n2 = R|p: 

Fro = w/27r 

Fro = 1/(277 X R|p X C|n) 

C|p = 1 /(27r X Rjn X Fro) 
where 

V|ni, Vin2 — Phase A and B signal voltages. Volts 

Vein — Voltage across Cj^, or the output of the filter. 
Volts 



Rini. Rin2 — Input resistor values, R|ni 
Fro — Roll-Off Frequency, Hz 

W — Frequency, Radians 



Rjn2, Ohms 



The roll-off frequency, Fro, should be set nominally to 

1 MHz to allow for transitions at the transmission bit rate. 
The transition rate when both phases are taken together is 

2 MHz, but then Rjpi and R\n2 must be considered, so: 



Fro2 = 1/(277 X (Rini + Ring) X Ci^) 

or, 

Fro2 = 1 /(27r X 2 X Rj^ X Cj^) 

where Fro2 = 2 X Fro, yielding the same results. 

The following table shows the range of values expected: 



TABLE I 



Value 


Maximum 


Minimum 


Nominal 


Units 


Tolerance 


R|N 


4.935E + 03 


4.465E + 03 


4.700E + 03 


n 


0.05 


Rf 


8.295E + 05 


7.505E + 05 


7.900E + 05 


n 


0.05 


C|N 


4.4556E-11 


2.6875E-11 


3.3863E-11 


F 




VOH 


5.250E + 00 


4.750E + 00 


5.000E + 00 


V 




Vol 


4.000E-01 


2.000E-01 


3.000E-01 


V 




V|N + 


1.920E + 00 


1.000E-01 




V 




V|N- 


1.920E + 00 


1.000E-01 




V 




Vrio 


5.000E-03 


O.OOOE + 00 


1.000E-03 


V 




R 


6.533E-03 


5.354E-03 


5.914E-03 


a 




Fro 


1.200E + 06 


8.000E + 05 


1.000E + 06 


Hz 


0.2 


Vh 


3.368E-02 


2.691E-02 


2.880E-02 


V 




XC 


7.4025E + 03 


2.9767E + 03 


4.7000E + 03 


a 





The BCP has a number of advanced features that give de- 
signers much flexibility to adapt products to a wide range of 
IBM environments. Besides the basic multi-protocol capabil- 
ity of the BCP, the designer may select the inbound and 
outbound serial data polarity, the number of received and 
transmitted line quiesces, and in 5250 modes, a program- 
mable extension of the TX-ACT signal after transmission. 
The polarity selection on the serial data stream is useful in 
building single products that handle both 3270 and 5250 
protocols. The 3270 biphase data is inverted with respect to 
5250. 

Selecting the number of line quiesces on the inbound serial 
data changes the number of line quiesce bits that the re- 
ceiver requires before a line violation to form a valid start 



sequence. This flexibility allows the BCP to operate in ex- 
tremely noisy environments, allowing more time for the 
transmission line to charge at the beginning of a transmis- 
sion. The selection of the transmitted line quiesce pattern is 
not generally used in the 5250 arena, but has applications in 
3270. Changing the number of line quiesces at the start of a 
line quiesce pattern may be used by some equipment to 
implement additional repeater functions, or for certain inflex- 
ible receivers to sync up. 

The most important advanced feature of the BCP for 5250 
applications is the programmable TX-ACT extension. This 
feature allows the designer to vary the length of time that 
the TX-ACT signal from the BCP is active after the end of a 
transmission. This can be used to drive one phase of the 



twinax line in the low state for up to 15.5 /j,s. Holding the line 
low is useful in certain environments where ringing and re- 
flections are a problem, such as twisted pair applications. 
Driving the line after transmitting assures that receivers see 
no transitions on the twinax line for the specified duration. 
The transmitter circuit shown in Figure 5 can be used to 
hold either the A or B phase by using the serial inversion 
capability of the BCP in addition to swapping the A and B 
phases. Choosing which phase to hold active is up to the 
designer; 5250 devices use both. Some products hold the A 
phase, which means that another transition is added after 
the last half bit time including the high and low states, with 
the low state helf for the duration, see Figure 6. Alternative- 
ly, some products hold the B phase. Holding the B phase 
does not require an extra transition and hence is inherently 
quieter. 
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FIGURE 6. Line Hold Options 



The signal was viewed in Vne same manner as Figures 3 and 4. The iefthand 
portion of the signai is a transmitting device utilizing iine hoid on phase A. 
The right hand side shows the IBM style (phase B) line hold. 

To set the TX-ACT hold feature, the upper five bits of the 
Auxilliary Transceiver Register, (ATR [3-7] I, are loaded 
with one of thirty-two possible values. The values loaded 
select a TX-ACT hold time between fis and 15.5 jiS in 500 
ns increments. 

SOFTWARE INTERFACE 

The BCP was designed to simplify designing IBM communi- 
cations interfaces by providing the specific hardware neces- 
sary in a highly integrated fashion. The power and flexibility 
of the BCP, though, is most evident in the software that is 
written for it. Software design for the BCP deserves careful 
attention. 

When designing a software architecture for 5250 terminal 
emulation, for example, one concern the designer faces is 
how to assure timely responses to the controller's com- 
mands. The BCP offers two general schemes for handling 
the real time response requirements of the 5250 data 
stream: interrupt driven transceiver interface mode, and 
polled transceiver interface mode. Both modes have 
strengths that make them desirable. The excellent interrupt 



response and latency times of the BCP make interrupts very 
useful in most 5250 applications. 

Although factors such as data and instruction memory wait 
states and remote processors waiting BCP data memory 
accesses can degrade interrupt response times, the mini- 
mum latency is 2.5 T-states. The BCP samples all interrupt 
sources by the falling edge of the CPU clock; the last falling 
edge prior to the start of the next instruction determines 
whether an interrupt will be processed. When an interrupt is 
recognized, the next instruction in the present stream is not 
executed, but its address is pushed on the address stack. A 
two T-state call to the vector generated by the interrupt type 
and the contents of IIBRj is executed and [GIE] (Global 
Interrupt Enable) is cleared. If the clock edge is missed by 
the interrupt request or if the current instruction is longer 
than 2 bytes, the interrupt latency is extended. 
Running in an interrupt driven environment can be complex 
when multiple sessions are maintained by the same piece of 
code. The software has the added overhead of determining 
the appropriate thread or session and handling the interrupt 
accordingly. For a multi-session 5250 product, the trans- 
ceiver interrupt service routines must determine which ses- 
sion is currently selected through protocol inferences and 
internal semaphores to keep the threads separate and in- 
tact. 

In a polled environment, the biggest difficulty in designing 
software is maintaining appropriate polling intervals. Polling 
too often wastes CPU bandwidth, not polling frequently 
enough loses data and jeopardizes communication integrity. 
Standard practice in servicing polled devices is to count 
CPU clock cycles in the program flow to keep track of when 
to poll. A program change can result in lengthy recalcula- 
tions of polling intervals and requalifications of program 
functionality. Using the programmable timer on board the 
BCP to set the polling interval alleviates the need to count 
instructions when code is changed or added. In both polled 
or interrupt environments, the latency effects of remote 
processors waiting memory accesses must be limited to a 
known length of time and figured into both polling intervals 
and worst case interrupt latency calculations. Using the pro- 
grammable timer on the BCP makes both writing and main- 
taining polled software easier. 

SOFTWARE ARCHITECTURE FOR 5250 EMULATION 

The 5250 data rate is much lower than that of the 3270 data 
stream, hence it is possible for the BCP to emulate all seven 
5250 sessions with a CPU frequency of 8 MHz. Choosing a 
16 MHz crystal allows the transceiver to share the CPU 
clock at OCLK/2, eliminating an extra oscillator circuit. The 
8 MHz rate yields a 125 ns T-state, or 250 ns for most 
instructions. Interrupt latency is typically one instruction (as- 
suming no wait states or remote accesses) which is suitable 
for 5250 operation. If more speed is desired, the CPU could 
be switched to 16 MHz operation. 

A MULTI-IVIODE TRANSCEIVER 

The BCP provides two 5250 protocol modes, promiscuous 
and non-promiscuous. These two modes afford the design- 
er a real option only when the end product will attach to one 
5250 address at a time. The non-promiscuous mode is con- 
figured with an address in the (ATRj register and only re- 



ceives messages whose first frame address matches that 
address, or an error occurs in the first frame of the mes- 
sage. Filtering out unwanted transmissions to other ad- 
dresses leaves more CPU time for other non-protocol relat- 
ed tasks, but limits the device to one address at a time. The 
promiscuous mode allows messages to any and all address- 
es to be received. Resetting the transceiver during a mes- 
sage destined to another device forces the transceiver to 
begin looking for a start sequence again, effectively discard- 
ing the entire unwanted message. Because of its flexibility, 
the promiscuous mode is used in this illustration. 

REAL TIME CONSIDERATIONS 

Choosing a scheme for servicing the transceiver is basic to 
the design of any emulation device. The BCP provides both 
polled and interrupt driven modes to handle the real time 
demands of the chosen protocol. In this example, the inter- 
rupt driven approach is used. This implies the extra over- 
head of setting up interrupt vectors and initializing the inter- 
rupt masks appropriately. This approach eliminates the 
need to figure polling intervals within the context of other 
CPU tasks. 

5250 CONFIGURATION 

Configuring a complex device like the BCP can be difficult 
until a level of familiarity with the device is reached. To help 
the 5250 product designer through an initial configuration, a 
register by register description follows, along with the rea- 
sons for each configuration choice. Certainly, most applica- 
tions will use different configurations than the one shown 
here. The purpose is to illustrate one possible setup for a 
5250 emulation device. 

There are two major divisions in the BCP's configuration 
registers: CPU specific and transceiver specific ones. 

CPU SPECIFIC CONFIGURATION REGISTERS: 
I OCR! — Device Control Register — This register controls 
the clocks and wait states for instruction and data memory. 
Using a value of H#AO sets the CPU clock to the OCLK/2 
rate, the transceiver to OCLK/2, and no wait states for ei- 
ther memory bank. As described above, the choice of a 
16 MHz crystal and configuring this way allows 8 MHz oper- 
ation now, with a simple software change for straight 16 
MHz operation in the future. 

(ACR! — Auxiliary Control Register — Loading this register 
with H#20 sets the timer clock source to CPU-CLK/2, sets 
[BIC], the Bidirectional Interrupt Control to configure BIRQ 
as an input, allows remote accesses with [LOR] cleared, 
and disables all maskable interrupts through [GIE] low. 
When interrupts are unmasked in (ICR), [GIE] must be set 
high to allow interrupts to operate. [GIE] can be set and 
cleared by writing to it, or through a number of instructions 
including RET and EXX. 

IIBRJ — Interrupt Base Register — This register must be 
set to the appropriate base of the interrupt vector table lo- 
cated in data RAM. The DP8344 development card and 
monitor software expect [IBR] to be at H#1F, making the 
table begin at H#1F00. The monitor software can be used 
without the interrupt table at H#1F00, but doing so is sim- 
plest for this illustration. 

IICRl — Interrupt Control Register — This register con- 
tains both CPU and transceiver specific controls. From the 



CPU point of view, the interrupt masks are located here. In 
this illustration, the system requires receiver, transmitter, 
BIRO, and timer interrupts, so that in operation those inter- 
rupt bits should be unmasked. For initialization purposes, 
though, interrupts should be masked until their vectors are 
installed and the interrupt task is ready to be started. There- 
fore, loading [ICR] with H#7F is prudent. This also sets the 
receiver interrupt source, but that will be discussed in the 
next section. 

TRANSCEIVER CONFIGURATION REGISTERS: 
(TMR! — Transceiver Mode Register — This register con- 
trols the protocol selection, transceiver reset, loopback, and 
bit stream inversion. Loading this register with H#OD sets 
up the receiver in 5250 promiscuous mode, inverts serial 
data out, does not invert incoming serial data, does not al- 
low the transmitter and receiver to be active at the same 
time, disables loopback, and does not reset the transceiver. 
Choosing to set [RIN] low assumes that serial data will be 
presented to the chip in NRZI form. Not allowing the receiv- 
er and transmitter to operate concurrently is not an issue in 
5250 emulation, since there is no defined repeater function 
in the protocol as in 3270 (3299). Bits [B5, 6], [RPEN] and 
[LOOP] are primarily useful in self testing, where [LOOP] 
routes the transmitted data stream into the receiver and 
simultaneous operation is desirable. Please note that for 
loopback operation, [RIN] must equal [TIN]. [TRES] is used 
regularly in operation, but should be left off when not specif- 
ically needed. 

(TCRl — Transceiver Command Register — This register 
has both configuration and operation orientated bits, includ- 
ing the transmitted address and parity bits. For this configu- 
ration, the register should be set to H#00 and the specific 
address needed summed into the three LSBs, as appropri- 
ate. The [SEC] or Select Error Codes bit is used to enable 
the (ECR) register through the (RTR| transceiver FIFO 
port, and should be asserted only when an error has been 
detected and needs to be read. [SLR], or Select Line Re- 
ceiver is set low to enable the TTL-IN pin as the serial data 
in source. The BCP's on chip comparator is best suited to 
transformer coupled environments, and National's LM361 
high speed differential comparator works very well for the 
twinax line interface. [ATA], or Advance Transmitter Active 
is normally used in the 3270 modes to change the form of 
the first line quiesce bit for transmission. Some twinax prod- 
ucts use a long first line quiesce bit, although it is not neces- 
sary. The lower four bits in (TCR| are used to form the 
frame transmitted when data is written into (RTRl, the 
transceiver FIFO port. Writing into (RTRJ starts the trans- 
mitter and/or loads the transmit FIFO. The least significant 
three bits in (TCR j form the address field in that transmitted 
frame, and B3, [OWP] controls the type of parity that is 
calculated and sent with that frame. [OWP] set to zero cal- 
culates even parity over the eight data bits, address and 
sync bit as defined in the IBM 5250 PAI. 
(ATR| — Auxilliary Transceiver Register — Since this ap- 
plication is configured for promiscuous mode, the (ATRj 
register serves only to set the line hold function time. In non- 
promiscuous mode, the three least significant bits of this 
register are the selected address. Setting this register to 
H#50 allows a 5 jxs hold time and clears the address field 
to 0, since promiscuous mode is used. 



[FBRj — Fill Bit Register — This register controls the num- 
ber of biphase zeros inserted between concatenated 
frames when transmitting. This register should be set upon 
reception of the SET MODE instruction from the host. 
(FBR| contains the one's complement of the number of 
inter-frame fill bits so that H#FF sends no extra fill bits. 
(ICRj — Interrupt Control Register — As discussed in the 
CPU configuration section, this register sets [RIS] or Re- 
ceiver Interrupt Select as well as the interrupt mask. Setting 
the register to H#7F selects [DA + ERR], Data Available 
or transceiver ERRor, as the interrupt source. This interrupt 
is asserted when either a valid frame has been clocked into 
the receive FIFO or an error has occurred. Other interrupt 
options are available including: [RA], Receiver Active; and 
[RFF + ERR], Receive FIFO Full or transceiver ERRor. For 
5250 protocols the [DA + ERR] is most efficient. The [RFF 
+ ERR] interrupt will not assert until the FIFO is full . . . 
regardless of whether the incoming message is single or 
multi-frame. [RA] provides plenty of notice that a frame is 
incoming, but due to the speed of the BOP, this advanced 
warning is not generally needed. [DA -I- ERR] provides a 
notification just after the parity bit has been decoded from 
the incoming frame which is almost 3 ]as prior to the end of 
the frame. With the CPU running at 8 MHz, that allows typi- 
cally nine instructions ([(4 * 3) - 3)]) for interrupt latency, 
trap and bank switch after interrupting. 

MULTI-SESSION POWER 

Handling multiple sessions in software is not trivial, and 
making the receiver service routines interrupt driven compli- 
cates the task further. The BCP is so fast, that at 8 MHz 
handling a multi-frame message by interrupting on the first 
frame and polling for succeeding frames is very inefficient. 
To maximize bandwidth for non-protocol related tasks, the 
CPU should handle each frame separately on interrupt and 
exit. To do this, a number of global state variables must be 
maintained. Since the alternate B register bank is primarily 
used for transceiver functions anyway, dedicating the other 
registers in that bank permanently as state variables is ac- 
ceptable in most cases; doing so speeds and simplifies ac- 
cess to them. Defining the following registers as: 



enables the software to keep track of the various states the 
protocol must handle. 

The active address bits in GP5' allow individual addresses 
to be active, or any combination of addresses. When inter- 
rupted by a message to a non-selected address, [TRES] is 
toggled to reset the receiver until the beginning of the next 
message is detected. [B7] is used to determine if any partic- 
ular address is "selected" and in the process of receiving 
data. The selected flag is set and cleared according to spe- 
cific protocol rules set up in the IBM PAI. 

Register GP6' contains the selected address storage 
[BO-2], where the address of the device expecting at least 
one other frame is stored when exiting the interrupt service 
routine, so that upon interruption caused by the reception of 
that frame, the address is still available. The 
received EOM flag, [B3] is set when a message is decod- 
ed that contains B # 1 1 1 or EOM delimiter. It is stored in this 
global status register to allow the protocol to determine the 
end of a transmission. In most multi-byte transmissions, the 
number of data frames expected is dictated by the protocol. 
However, ACTIVATE WRITE commands to printers can 
have any number of data frames associated with them up to 
256. In this situation, the activated flag, [B4] is set to signal 
a variable length stream. Certain host devices also concate- 
nate commands within messages, obscuring the determina- 
tion of end of message. This scheme allows the software to 
keep track during such scenarios. The multi-count bits, 
[B6-7] are used in addition to the EOM delimiter to deter- 
mine the end of a transmission. The number of additional 
frames expected in a given multi-byte command is written 
into these bits (note that a maximum of three bytes can be 
planned for in this way). When the count is terminated and 
no EOM delimiter is present, the algorithm then assumes a 
multi-command message is in progress. [B5] is unused. 
Register GP7' is used to store the received data or error 
code for passage to other routines. The data can be passed 
on the stack, but dedicating a register to this function simpli- 
fies transactions in this case. Keeping track of received data 
is of utmost importance to communications devices. 



GP5' 



Active Address and Select Register 

— address select 

— address 1 select 

— address 2 select 

— address 3 select 

— address 4 select 

— address 5 select 

— address 6 select 

— device selected flag 
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GP6' 



Global Status Register 

— selected address BO 

— selected address B1 

— selected address B2 

— received_EOM flag 

— activated flag 

— unused 

— multi-count BO 

— multi-count B1 



GP7' — Bits [0-7] Received Data or Error Register 



RECEIVER INTERRUPT 

The receiver interrupt algorithm handles any or all seven 
addresses possible on the twinax line. The same code is 
used for each address by utilizing a page oriented memory 
scheme. Session specific variables are stored in memory 
pages of 256 bytes each. All session control pages, or 
SCPs are on 256-byte even boundaries. By setting the high 
order byte of a BCP index register to point to a particular 
page or SCP, the low order byte then references an offset 
within that page. Setting up data memory in such a way that 
the first SCP begins at an address of B#xxxx xOOO 0000 
0000 further enhances the usefulness of this construct. In 
this scheme, the high byte of the SCP base pointer can be 
used to set the particular SCP merely by summing the re- 
ceived or selected address into the lower three bits of the 
base register. 

NORMAL OPERATION 

In normal operation, the configuration described thus far is 
used in the following manner: After initializing the registers, 
data structures are initialized, and interrupt routines should 
be activated. This application utilizes the receiver, transmit- 
ter, timer, and bi-directional interrupts. Since (IBRj is set to 
H#1F, the interrupt table is located at H#1F00. A LJMP to 
the receiver interrupt routine should be installed at location 
H#1F104, the transmitter interrupt vector at H#1F08, the 
BIRQ interrupt vector at H#1F10, and the Timer interrupt 
vector at H#1F14. Un-masking the receiver interrupt and 
BIRQ at start up allows the device to come on-line. 
When interrupt by the receiver, the receiver interrupt service 
routine first checks the [ERR] flag in (TSR [B5]|. If no er- 
rors have been flagged, the received EOM flag is either 

set or cleared. This is accomplished by comparing I TSR 
[B0-2]| with the B#111 EOM delimiter. A test of the se- 
lected flag, (GP5' [B7] ) determines if any of the active ad- 
dresses are selected. Assuming that the system is just com- 
ing on line, none of the devices would be selected. If the 
frame is addressed to an active device, the SCP for that 
device is set, and the command is parsed. Parsing the com- 
mand sets the appropriate state flags, so that upon exiting, 
the interrupt routine will be prepared for the next frame. 
Once parsed, the command can be further decoded and 
handled. If the command is queue-able, the command is 
pushed on the internal command queue, and the receiver 
interrupt routine exits. If the command requires an immedi- 
ate response, then the response is formulated, the timer 
interrupt is setup, and the routine is exited. 
The timer interrupt is used in responding to the host by wait- 
ing an appropriate time to invoke the transmit routine. The 
typical response delay is 45 ±15 ^is after the last valid fill 
bit received in the command frame. Some printers and ter- 
minals are allowed a full 60 ±20 jas to respond. In either 
case, simply looping is very inefficient. The immediate re- 
sponse routine simply sets the timer for the appropriate de- 
lay and unmasks the timer. 

In the transmit routine, the data to be sent is referenced by 
a pointer and an associated count. The routine loads the 
appropriate address in the three LSBs of |TCR|, and writes 
the data to be sent into ( RTR I . This starts the transmitter. If 
the data count is greater than the transmit FIFO depth 
(three bytes), the Transmit FIFO Empty interrupt [TFE] is 



setup. This vectors to code that refills the FIFO and re-en- 
ables that interrupt again, if needed. This operation must be 
carried out before the transmitter is finished the last frame in 
the FIFO or the message will end prematurely. 
The last frame transmitted must contain the EOM delimiter. 
It can be loaded into (TCRJ and data into (RTR) while the 
transmitter is running without affecting the current frame. In 
other words, the transmit FIFO is 12 bits wide, including 
address and parity with data; the address field is clocked 
along with the data field. In this way, multi-byte response 
may be made in efficient manner. 

ERROR HANDLING 

In 5250 environments, the time immediately after the end of 
message is most susceptible to transmission errors. The 
BCP's receiver does not detect an error after the end of a 
message unless transitions on the line continue for a com- 
plete frame time or resemble a valid sync bit of a multi- 
frame transmission. If the twinax line is still active at the end 
of what could be an error frame, the receiver posts the 
LMBT error. For example, if noise on the twinax line contin- 
ues for up to 11 jas after the three required fill bits, the 
receiver will reset without flagging an error. If noise resem- 
bles a start bit, the receiver now expects a new frame and 
will post an error if a loss of synchronization occurs. If the 
noisy environment is such that transitions on the receiver's 
input continue for 1 1 fis, or the receiver really has lost sync 
on a real frame, the error is posted. 
Basically, the receiver samples [LA] in addition to the loss 
of synchronization indication to determine when to reset or 
to post an error. After a loss of synchronization in the fill bit 
portion of a frame, if the [LA] flag's time-out of 2 /j,s is 
reached prior to the end of what could be the next frame, 
the receiver will reset. If the transitions prevent [LA] from 
timing out for an entire 11 fis frame time, a LMBT error is 
posted. This method for resetting the receiver is superior in 
that not only are the spurious loss of mid bit errors eliminat- 
ed, the receiver performs better in noisy environments than 
other designs. 

SUMMARY 

The IBM 5250 twinax environment is less understood and in 
some ways more complex than the 3270 environment to 
many developers. This application note has attempted to 
explain some basics about twinax as a transmission medi- 
um, the hardware necessary to interface the DP8344 to that 
medium, and some of the features of the BCP that make 
that task easier. Schematics are included in this document 
to illustrate possible designs. Details of the twinax wave- 
forms were discussed and figures included to illustrate 
some of the more relevant features. Also, some different 
software approaches to handling the transceiver interface 
were discussed. 
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APPENDIX A: EXAMPLE CODE 




The following code was assembled with the HILEVEL assembler. Table II shows the correlation between HILEVEL mnemonics 


and the mnemonics used in National data sheets for the DP8344V. 




TABLE II 


HILEVEL 


National Serai conductor 


MOVE Rs,Rd 


MOVE Rs,Rd 


LD Ptr,Rd{,Mde> 


MOVE i:mIr],Rd 


BT Rs,Ptr <:,MdE5> 


MOVE RSjCmlr] 


LDAX Ptr,Rd 


MOVE CIr + A3,Rd 


STAX Rs,Ptr 


MOVE Rsi,CIr + A3 


LDNZ n,Rd 


MOVE 111. + n] ,rd 


STNZ R5,n 


MOVE rs,CIZ + nl 


LDI n,Rd 


MOVE n,rd 


STI n,Ptr 


MDVE n,CIr] 


ADD R5,Rd 


ADDA Rs,Rd 


ADDRI Rs,Ptrr,Mde> 


ADDA Rs,CmIr3 


ADDI n.Rsd 


ADD n,rsd 


ADC RB.Rd 


ADCA R5,Rd 


ADCRI Rs,Ptrt,Mde> 


ADC A Rs, Cmlr] 


SUBT Rs,Rd 


SUBA Rs,Rd 


SUBRI R=,Ptrf ,Mde> 


SLIBA R3,[mlr3 


SUBI n,Rsd 


SUB n,rBd 


BBC Rs , Rd 


SBCA R<s,Rd 


SBCRI R5,PtrC,Mde]- 


SBCA Rs,[mIrJ 


AND Rs , Rd 


ANDA R5,Rd 


ANDRI RSjPtrJjMdeJ- 


AiMDA RSjCmIra 


ANDI n,Rsd 


AND n,rsd 


OR Rs , Rd 


ORA Rs , Rd 


ORRI Rs,Ptr{:,Mde} 


ORA RSjCmlr] 


ORI n,Rsd 


OR n,rsd 


XOR Rs,Rd 


XORA R5,Rd 


XORRI R<s,PtrC,ridE> 


XDRA Rs, Cmlr 3 


XORI n,Rsd 


XOR n,rsd 


CMP Rs , n 


CMP rs,n 


CPL Rsd 


CPL , Rsd 


BIT Rs,n 


BIT rs,n 


SRL Rsd , n 


SHR Rsd , b 


SLA R3d,n 


SHL Rsd,b 


ROT Rsd,n 


RDT Rsd,b 
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J MP n 






J MP n 








LJMP n 






LJMP nn 








JMPR Rb 






J MP Rs 








JMPI Ptr 






LJMP llrl 








JRMK Rs, 


n , m 




JRMK Rs,b,ni 








JMPB Rs, 


s,p , 


n 


LJMP Rs,p,s,nn 








JMPF s,-f 


^n 




J MP f,s,n 
Jcc; n opt 


. synta;-; tor J MP -f- 






CALL n 






CALL n 








LCALL n 






LCALL nn 








CALLB Rs 


1^,9 


;" 


LCALL Rs , p 


,s,nn 






RET CgC 


,rf3- 


y 


RET Cg •L,r+>} 








RETF s,T 


■C,gi 


,rt>J 


RETF -f ,5,1,-igy 
Rcc: Cq i,r-fjy 


■[,r-f:j> 

- C]pt. synta;-; - 






EXX a,b 


■C,g] 




EXX ba.bb.tjg 


> 






TRAP n-r, 


g> 




TRAP n -C^gU} 

Table; 2 






Sddr 


Line 

1 

2 TAB 

3 KIDTH 

4 LIST 

5 TITLE 


.REL 

B 

132 

3,F 

RXINT 












6 . 

7 ; 


RHNT 


- 9/21/87 










s ; 














9 ; 


pseudD code 










SO i 














U ;bDDl 




selected; 




/♦ station is selected 






!2 ;bytB 




seladdr; 




1* address cf selected station 






13 ;bytB 




ml ti count; 




/» nuiber nf franes in this Bulti 






14 ibDol 




activated; 




/* cao«and has been activated 






15 ; 














16 srnntd 












17 ;byte 




data; 




;'* data storage 






IS ibaol 




rs eon; 




/* received EDS 






1? ;bDal 




nl; 




/* line turn around flag 






20 ;{ 














21 ; 


if (er 


rori ( 










22 ; 




i* (l09errorl!== true) return; 


/» receiver errors 






23 ; 




} 










24 ; 


else t 












25 ; 




if iT5R == 


EON) rueoi = true; 


/» set received EOH flag 






2i ; 




else rx_Boi> = false; 








27 ; 














2B ; 




if Cselec 


ted) C 
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29 


H (active) ! 




30 


if <!rs eoil ( 




31 


"seUddr = (TSR f EOfli ; 




32 


U = (SCPBflSE t seladdrl; /» set 5CF to appropriate session H 




33 


data = rtrs 




34 


else ( 




35 


proto_Brror() j /♦ should not get here 




36 


reset_xcvri!; 




37 


returnd! 




38 


) 




39 


) 




40 


else ( 




41 


reset.xcvrd; /* not af interest 




42 


return ( 1 j 




43 


) 




44 


if (mltifraiie) { /♦ activate iirite, etc... 




45 


lulticDunt = parseldata); /» set nunber of fraies »/ 




4i 


selected = truej /♦ only nay to select ♦/ 




« 


queueidata); 




49 


) 




49 


else { /« not luUi 




50 


if ((var = single_decodeidata)) " queabie) 




51 


queue (data); 




52 


else if (var =- iited) inediateldatal; 




53 


) 




54 


else C /« selected »/ 




55 


n = (SCPBflSE + seladdrl; 


Addr 


Line RXI 


(T 




5i 


data = rtr 




57 


if (activated) { /♦ in the «iddle of transtission 




58 


act_data{data); 




59 


if (rx_eDil { /» end of aessage 




60 


selected = false; 




61 


activated = false; 




62 


1 




63 


return 0; 




64 


} 




65 


if (lulticount > 0) { 




66 


queue (data); 




67 


if («ulticount-= 0) f 




63 


if (rx_eo«) selected = false; 




69 


) 




70 


1 




n 


else { 




72 


if (Mltifraie) { 




73 


lulticount "= parseldata); 




74 


queue (data); 




75 


) 




76 


else { 




77 


if ((var = singiejecodeldata)) == queadle) 




78 


queue (data); 
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79 


else if (V5r == ined) iiaediatsldata); 






80 


a i.rx eoii) selected = false; 






Si 


} 






82 


} 






83 


} 






84 


} 






85 


\ 






8i 


return!!; 






B7 


! 






98 


logerrorO 






89 


{ 






90 


bool result; 






91 


ssitch (Brror_typeJ { 






92 


tase RDiSi 






93 


result = err_rdi5(l; /♦ receiver diablsd while active 






94 


break; 






95 


case LHBT: 






96 


result = err_l»btO; 1* loss of sidbit error 






97 


break; 






98 


case PftRR: 






99 


result = err_sarr!l; ,'* parity error 






100 


breali 






101 


case OVF; 






102 


result = err_ovfO; /* receiver FIFO overrun 






103 


break; 






104 


default; 






105 


result = err_unkno)in(); /♦ strange error handler 






104 


break; 






107 


) 






108 


return (result 1; 






109 


) 






110 






flddr 


Line RXI 
111 


errjabti) 






112 


{ 






113 


if !'DA 8t!i iseiected H IdelayiLfili returnlfalsei; /« delay of 6 usee 






114 


else ( 






115 


logij; /» buap error counters 






116 


returnitrue); /• adsil defeat 






117 


} 






118 
119 


1 












120 


naie: RXINT 






121 


description; receiver interrupt handler 






122 
123 


received datut is sent to other routines thru gp7' 






124 


SCP is set appropriately in IZ 






125 


BP5P - active addressesibits 0-6 






126 


selected flag: bit 7 






127 


BP6P - lulticounti bit 7-6 






128 


unused: bit 5 
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129 






activated 


bit 4 






no 






rx.EOi flag: bit 3 






13! 






seiaddr; 


bits 2-0 






132 






SP7P - received data 






133 














!34 




entry! 


DA interrupt , GP5', BP6' 






135 




ssit: 


ACC',SP7 


ARE DESTROYED 






134 
137 




history 


i tjq 9/16/87 create 


















13B 
139 
140 




PUBLIC 


RCVRINT 










EXTRN 


PARSE, fluEUE,IHHEDECQOE,RES)ICviR 






141 




EXTRN 


RiDERRL , HI DERRH , OVFERSL , DvFERRH , PSRERRL , PARERRH 






142 




EXTRS 


RXERRL , RXERRH , RSPGTL , RBPCTH , BASEBCP , lESESRL , lESERRK 






143 














144 














145 


BELERR; 


E8U 


BIOIOOOOOO 


select the error register 






14A 


RXEOH: 


EQU 


BiOOOOlOOO 


rxeou flag 






147 


EQH: 


EGU 


BIOOOOOHl 


EDH deli Jeter 






148 


NULTI; 


m 


BtllOOOOOO 


sulticount 






149 


BELECT: 


EBU 


Ef 10000000 


selected flag 






150 


LTft: 


EQU 


B«101 


» 






151 

t 51 


CFLA6; 


EBU 


BlOOOOOOlO 


CARRY FLAB 




00000 


12^ 

153 


RCVRINT 


: 










154 




at 


HA,AB,DI 


SET APPROPRIATE BANK 




OOOOO fiEE8 


154 












00001 D50e 


155 




JHPF 


NS,RERR,NQERSOR 






00002 CCOO 


156 




CALL 


RXERROR 


ERROR IN FRAHE 




00003 S900 


157 




JHPF 


S.C.EHT 


ABORT 




00004 D900 


159 


SOERROF 










00004 807B 


159 




LBI 


EOI1,flCC 


LOAD KftSK 






160 




AND 


T=R,3P7 


FORH ADDRESS 




00005 F165 


liO 














161 




CMP 


6P7,E0H 


TEST 




00O06 3C7B 


161 












00007 DOOO 


162 




JHPF 


NS,2,C1RXINT 


IF NOT E8UAL, JUHP 




Addr 


Line 


«INT 










OOOOe 50Bfl 


163 




OR! 


RXtQfl,BP6 


ELSE BET EDH FLAB 




00009 CBOO 


164 




jHP 


CiRUNT 






OOOOA CBOO 


165 


CIRHNT 










OOOOft 4F7fi 


lot 




ANDI 


RXE0Hi(,6P6 


CLEAR IT 






167 
16S 


; DECIDE IF BE 


RE ALREADY BELECT 


D 






169 












OOOOB 


170 


C2RXINT 












171 




JHPS 


6P5,S,B7,DEV3ELE 


T ; IF ALREADY SELECTED 




OOOOB BBE9 


171 












OOOOC 0000 


171 
172 


J 












173 


; NOT SELECTED. 


..DECIDE IF ADDRESS IS ACTIVE, IE; MLIB FOR US 
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174 


J 








OCOOD 


175 


CEVTABLE: 




ELBE, SEE IF ACTIVE 






174 


JRilK 


TSR,R0T6,HSK3 


JUHP BASED QN THE ADDRESS FIELDii4 




OOOOD B3C5 


176 












177 


JHPB 


BP5,NS,B0,RSTR1( 


ADDR - IF NOT ACTIVE, RESET RX 




OOOOE 8C09 


177 










OOOOF 0000 


177 












178 


LJNP 


LOADSCP 


ACTIVE DEVICE, SET scp 




OOOIO CEOO 


178 










00011 0000 


178 












179 


itin 


GP5,NS,B1,R3TRX 


ADDR 1 - IF NOT ACTIVE, RESET RX 




00012 eC29 


179 










00013 0000 


179 












IBO 


LJHP 


LOADSCP 


ACTIVE DEVICE, SET scp 




00014 CEOO 


IBO 










00015 0000 


IBO 












181 


ms 


8P5,NS,B2,RSTR1( 


ADDR 2 - IF NOT ACTIVE, RESET RX 




00016 BC49 


IBl 










00017 0000 


ISl 












162 


LJHP 


LQflBSCP 


ACTIVE DEVICE, 




00018 CEOO 


182 










0001? 0000 


182 












183 


JHPB 


6?5,SS,B3,RSTR8 


ADDR 3 - IF NOT ACTIVE, 




0001ft BC69 


1B3 










OOOIB 0000 


183 












164 


LJHP 


LGfiBSCP 


ACTIVE DEVICE, 




OOOIC CEOO 


1B4 










OOOID 0000 


164 












185 


JHPB 


SP5,NB,B4,RSTRX 


ADDR 4 - IF NOT ACTWE, 




OOOIE 8CB9 


1B5 










OOOIF 0000 


185 












186 


LJHP 


LOADSCP 


ACTIVE DEVICE, 




00020 CEOO 


IBi 










00021 OOOO 


186 












187 


JHPB 


6P5,!i|S,B5,RSTRl( 


ADDR 5 - IF NOT ACTIVE, 




00022 8CA9 


1S7 










00023 0000 


187 












188 


LJHP 


LOADSCP 


ACTIVE DEVICE, 




00024 CEOO 


IBB 










00025 oooe 


IBS 












189 


JHPB 


BP5,NS,B6,RSTRX 


ADDR 6 - IF NOT ACTIVE, 




00026 8CC9 


189 










ftddr 


Line 


HINT 








00027 OOOO 


1B9 












190 


LJHP 


LCADSCP 


ACTIVE DEVICE, 




00028 CEOO 


190 










00029 OOOO 


190 












191 


LCflLL 


RESXCVR 


ADDR 7 - RECEIVED EDH ...HE 'RE NOT INTERESTED 




0002fi CE80 


191 










OO02B OOOO 


191 










0002C CBOO 


192 


JHP 


EXIT 


QUIT 


TL/F/9635-14 



15 





!93 














194 


'; LOAD THE SCP POINTER, 12 








195 












00028 


196 


LOADSCP 


; 










197 




!0R 


ACC,ACC ; 


CLEAR 




0002D F908 


197 














198 




BOVE 


ACC,ZLO 1 


LOU B'fTE 




0002E FE46 


198 












0002F BOOB 


199 
200 




LDl 
HOVE 


BASEBCP.ACC ; 
ACC,ZHI 


SET UP UPPER BYTE OF SCP PDIHTER 




OO030 FE68 


200 












00031 B078 


201 




LDl 


EOH.ACC i 


EQH «ASK 






202 




AND 


TSRjACC 


LEAVE IS flCC 




OO032 F105 


202 














203 




ADD 


ZH1,2H! i 


ADD INTO Z POINTER 




00033 E273 


203 
204 


i 












205 


; DECODE THE CDHHANB FRAHE 








206 


J 










O0O34 


207 


DECODE: 












200 




HOVE 


RTR,GP7 


SET Rt DATA 




00034 rut 


208 














209 




JHPB 


6P7,S,B0,NULTIFRI1 


i IF HOLTIFRAHE 




00035 BDOB 


209 












00036 0000 


209 














210 




LCALL 


inHEDECQDE ; 


ELSE, lilHEDIATE ACTION REQUIRED 




00037 CEBO 


210 












00038 0000 


210 












00039 CBOO 


211 




JBP 


EXIT 






0003A CBOO 


212 


ItULTIFRH; 










213 




LCALL 


PARSE 1 


SET NOLTl COUNT 




0003A CEBO 


213 












OO03B 0000 


213 












0003C 5809 


214 




ORI 


H480,GP5 i 


SELECTED = TRUE 




0003B 4F8ft 


215 




AND! 


E0IH,6P6 


CLEAR SELECTED ADDRESS 




0003E BOTB 


216 




LDl 


EQH,ACC i 


MASK ADDRESS 






217 




AND 


TSR,fiCC 


LEAVE IN ACC 




0003F F105 


217 














218 




OR 


fiP6,BP6 ; 


SET NEN ADDRESS 




00040 F54A 


218 














219 




LCALL 


QUEUE ; 


PLACE ON BUEUE 




00041 CEBO 


219 












00042 0000 


219 












O0043 CBOO 


220 
221 


i 


JHP 


ESIT i 








222 


i THIS CODE IS BRANCHED TO IF THE DEVICE IS SELECTED 






223 


! 


FIRST, 


SET SCP BASED QN SELECTED ADDRESS 




Addr 


Line 
224 












00044 


225 


DEVSELECTi 










226 




KDR 


ACC,ACC i 


CLEAR ACC 


TL/F/9635-15 



16 



00044 F9C8 


226 














227 




dOVE 


ACC.ZLO 


CLEAR LOS BYTE OF POINTER 




00C45 FE48 


227 












00046 BOOB 


228 




LD! 


SASESCP.ACC 


BASE OF SEBSIQN CONTROL PAGE 






229 




HOVE 


ACC,ZHI 


UPPER BYTE 




00047 FE68 


229 












0004S im 


230 




LO! 


EQH.ACC ; 


HSSK ADDRESS 






231 




AND 


6P6,ACC 


LEAVE IN ACC 




00049 FlOA 


231 














232 




ADD 


2HI,2Hi ; 


FORK BCP POINTER 




0004ft E273 


232 

tTT 














234 


i %m DECIDE 


9BDUT HULTIFRAHE PDESieiLNIES 






235 














236 




HOVE 


RTR,SP7 ; 


SET DATA 




0e04B FD64 


236 












0004C BCOB 


237 




LDI 


HULTI, ACC ; 


HULTI HASK 






238 




AND 


6P6,ACC 


COUNT IN UPPER NIBBLE 




0004D FlOft 


238 














239 




BRL 


ACC.ROTo ; 


POSITION IN LOIIES NIBBLE 




0004E ceca 


239 












0004F 0800 


240 




JHPF 


B,Z,NEHCDHH ; 


NOT in A HULTIBYTE 






241 




LCALL 


QUEUE 


NULii, SO PUSH ON EUEUE 




0005C CEOO 


241 












00051 0000 


241 












00052 2018 


242 




BUBI 


HIOi.ACC ! 


DECREMENT NULTICOUNT 




00053 D80Q 


243 
244 




JHF'F 


S,2JER«ULT! 


IF ZERO, NOLTi HAS TERKiNATED 






245 


! KULT! 


STILL 


m PROGRESS 








246 












00054 43FA 


247 




ANCI 


I1UlTH,6P6 i 


CLEAR OUT OLD COUNT 






248 




SLA 


ACC,R0T6 ; 


REPOSITION COUNT 




00055 C94a 


248 














249 




OR 


eF6,BP6 ; 


SUN INTO STATUS 




00056 F54A 


249 












O0057 CBOO 


250 

251 




3HP 


EXIT 








252 


;' HULTI 


COUNT 


m REACHED ZERO, SO 


TERMINATE 






253 












00058 


254 


TERHULTI: 








00058 43Fft 


255 




ANDI 


«yLTHi,8P6 J 


CLEAR OLD COUNT TO ZERO 






256 




JHFB 


BP6,N3,B3,C1TER«; 


IF NOT EOH, 




00059 SC6A 


254 












OOOSfl 0000 


256 












0005B 47F9 


257 




ANDI 


SELECT*, BP5 i 


ELSE, SELECT = FALSE 




0005C CBOO 


258 




m 


RSTRX i 


RESET THE TRANSCEIVER 




0005D CBOO 


259 


LlTERM: 










0005D CBOO 


260 
261 




JHP 


EXIT 








262 


i NEN COMHANC 


HULTI OR SINSLE 








263 












0005E 


264 


NEKCDHH 








TL/F/9635-16 



17 



Sddr 


Line RXINT 










265 




JUPB 


GP7,NS,B0,3iN6LEi IF NEN COHHAND 15 !JDi MULTI, 




0005E BCOB 


265 










0005F 0080 


265 












266 




LCALL 


PARSE i IS nULTI, SET COUNT 




00040 CEEO 


266 










00061 0000 


266 












267 




LCfiLL 


OUEUE ; PUSH ON QUEUE 




00062 CtBO 


267 










00043 0000 


267 










00044 CBOO 


26B 
269 




IHP 


EXIT ; QUIT, TIL NEXT FRAHE 






270 
271 
272 


; NEK COmfiND IS SINGLE AND/OR NEEDS IHHEDIATE RESPONSE 




00065 


SINGLE: 










273 




LCALL 


IHNEDECODE i SIN6LE...eO DO IT 




00065 CEBO 


273 










00066 0000 


273 












274 




JHPB 


SP6,NS,B3,EXIT ; IF NCT EON.,. 




00067 BC6A 


274 










00066 0000 


274 










0006? 47F9 


275 




AND! 


SELECT*, GPS i CLEAR SELECTED BIT 




0006A 47F9 


276 


RSTRX; 










277 




LCALL 


RESXCVR J RESET, CLEAR DATA OUT 




0006ft CEBO 


277 










0006B 0000 


277 










0006C 0000 


278 


EXIT: 








0006C fiFBO 


27? 
280 
2B1 




RET 


R1,RF i RETURN GRflCEFl'LLV 
















282 




rate: 


RXERROR 






283 




descri 


ption: receiver ERROR handler 






234 












265 




entry; 


DA + ERR interrupt, SPSS bP6' 






286 




e>!it: 


ftCC-,SP7' ARE SESTROVED 






287 
2B8 




tiistor 


y: Ijq 9/16/B7 create 
















28? 












290 


; RECE 


VER ERROR HANDLER 






291 










OODSD 


292 


RXERRORi 






00060 5406 


293 




DRI 


SELERR,TCR ; SET ECR BIT 






294 




ROVE 


RTR,GP7 ; GET ERROR TYPE 




0006E FD64 


294 










0006F 4BF6 


295 




ANCI 


5ELERR»,TCR ; RESET TCR 






296 




JNPB 


BF7,S,B1,LHBTERR; LOSS QF NIBBIT 




00070 e82B 


296 










0007! 0000 


296 












297 




JI<PB 


BP7,S,B3,PAfiESR ; PARITY 




00072 SD6B 


297 










00075 0000 


297 












298 




JflPB 


BP7,S,E4,0VFERR ; OVERFLOK 


TL/F/9635-17 



18 



00074 BS6B 


298 












00075 0000 


29B 












00076 0000 


299 


ILLEGftL 


! 








00076 BOOB 


300 




LDl 


lLLEBftL,ftCC i 


BHAT ERROR IS THIS? 




Sddr 


Line RXINT 










00077 CBOO 


301 




JHP 


BUNPERR ; 


SHOULD NOT SET HERE! i 




0007B CBOO 


302 


LHBTERR 










0007B BEOC 


303 




JHPF 


5, Dti, CLEftRC ! 


if DA, THEN tiO ERROR 






304 




JHPB 


BP5,S,B7,L06IT ; 


IF SELECTED, POST 




00079 BDE9 


304 












0007ft 0000 


304 












0007B CCOO 


305 




CALL 


BDLY i 


BELAY FOR 6 USEE 






306 




JHPB 


HCF,NS,B5,CLEARC 


IF NOT ACTIVE - DISCARD, ELSE POST 




eoo7c acfti 


306 












0007D 0000 


306 












0007E 0000 


30? 


LDBIT: 










0007E B008 


308 




LDI 


NIDERRL.ACC ; 


LOSS DF HIDBIT 




0007F CBOO 


309 




JNP 


BUNPERR 


INCREHENT COUNTER 




OOOBO CBOO. 


310 


PftRERR: 










00080 BOOS 


311 




LSI 


pftRERRL.ftCC 


PARITY 




OOOBl CBOO 


312 




JKP 


BUBPERR 






00082 CBOO 


313 


DVFERR: 










000B2 BOOB 


314 




LDI 


DVFERRL.ftCC 


OVERFLDN...VERY BftB! 




00083 Booe 


315 


BUNPERR 












316 




ADD 


aO.YLO 


FORK NEH POINTER 




00083 E212 


316 












00084 B018 


317 




LDI 


HtOl.ftCE 


INCREHENT 






318 




LD 


PTRY,6P4 


FETCH OLD COUNT 




00085 COCft 


318 














319 




ADDRI 


6P6,PTRV,P0STD 


NRITE OUT NEN 




00086 A04ft 


319 












00087 DlOO 


320 




JHPF 


NS,C,RiiEnT 


BET OUT 






32! 




LD 


PTRy,GP6 


FETCH UPPER BYTE 




00088 COCfi 


321 

322 




ftDDRI 


BP6,PTRy 






00089 AOCft 


322 












OOOaS 5020 


323 




OR! 


CFLft6,CCR 


SET CARRY 




0008B 5020 


324 


RXESIT- 










0008B ftFBO 


325 




RET 




m NOT restore nags 




0008C ftFBO 


326 


CLEftRC! 










OOOBC 4F00 


327 




AND! 


CFLft6*,CCR 


CLEAR CARRY 




0008D CBOO 


328 
329 
330 




JHP 


RXEXIT 










naie: 


SBLV 








331 




descriptions delay routine, HULTIPLES DF 4.Bu5bc, 






332 






1.4 usee 


OVERHEAD, HAX OF 410usec 






333 




entry: 


delay count on stack 






334 




exit! 


acE dest 


'oyed 






335 




BftRHIN 


! DDNT CALL THIS HITH COUNT = 0! 






336 
337 




history! Ijq 9/16/B7 create 














TL/F/9635-18 



19 



X 
(0 

c 


OOOBt 


338 
339 


SDLY: 


§ 




340 


ESS 


1- 


0008E m<i 


340 




o 


0008F FDIF 


341 
341 


nm 


'S- 




342 


H3VE 


'S- 


0CC90 FREE 


342 




CO 
00 
Q. 


fiddr 


343 

Line 


flDvE 

■Mm 


Q 


00091 FFEh 


343 




00092 FII68 


344 
344 


miE 


u> 


00093 FDiS 


345 


SDLYLPl! 


c 


00093 BOJfl 


346 


LDI 


<) 


00094 B03A 


34? 


SDLVLP2! 


(Q 


00094 201fl 


348 


BUBI 


r 


00095 DOOO 


349 


JNPF 


0) 


00096 20 IB 


350 


SUB I 




00097 DOOO 


351 


JflPF 




352 


HDVE 




0009B FD5F 


352 








353 


HOVE 




00099 FD7F 


353 






0009A ftFBO 


354 
355 
356 


RET 






357 


END 



Assesbly Phase caiplete. 
error (s) detected. 



Mfl,(!B,Nfll ; BANK, ALLOB INTEBRUPTS 

nS.ACC ; BET COUNT 

BP7,0S ; POSH OP? SEGiSTERB USED 

6P6,DS 



ftCC,SP7 



H#03,6P6 



USE 6F7 FOR COUNT ALSO 



LOAD FOR 4.Busec CSUNTS 



HI01,GP6 ; DECREHENT COUNT 

NS,Z,5DLYLP2 ; CQNTIKUE UNTIL EXHAUSTED 

H«01,BP7 : DECREREKT OUTER COUNT 

NS,Z, SDLYLPl ; CONTINUE IF NOT ZERO 

DS,6P6 ; POP REE 

DS,BP7 i 

RI,RF ! RETURN, RESTORE FLABS 
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LIFE SUPPORT POLICY 

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL 
SEMICONDUCTOR CORPORATION. As used herein: 



1. Life support devices or systems are devices or 2. A critical component Is any component of a 



life 



systems which, (a) are Intended for surgical Implant 
into the body, or (b) support or sustain life, and whose 
failure to perform, when properly used In accordance 
with Instructions for use provided in the labeling, can 
be reasonably expected to result In a significant Injury 
to the user. 



support device or system whose failure to perform can 
be reasonably expected to cause the failure of the life 
support device or system, or to affect Its safety or 
effectiveness. 
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